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Title Remote Sensing for Detection of Soil Limitations
in Agricultural Areas.
Research Objectives
1. To establish remote : tensing principles for determining
proper land use and land use limitations on a
potentially irrigable project.
2. To develop rapid -scan, automatic identification and
interpretation techniques using analog data as
well as color and multispeetral photographic
transparencies.
Flight Objectives
1. To obtain high altitude imagery of a complex
¢	 agricultural area for identifying clay pan conditions
(A major soil limitation that occurs to some extent
in all agricultural areas).
2. To apply pattern recognition techniques to
multispectral imagery for classifying fields in
land use patterns.
Flight Data
Date: August 8, 1969	 X61 8 91p>>^^
Site No.: 195
Absolute Flight Elevation: 60,000 feet ti; 0 * ^^
Sensors: RC-8 Metric Cameras (2) 	 ^
Zeiss Mapping Camera ( 1)	 r- t E,Q,
Hasselblad Cameras ( 6)	 iF^Cft
RS-7 Infrared Imager	 ^'^ %7 14*
r
6Camera-Film-Filter Data
Table 1 contains a summary of the following information:
Hasselblad "A" FL 3 in.
Film - SO-368 Dupe Pos
Filter - No. 12
Roll - No. 4
Exposure - Good
Hasselblad "B" FL 3 in.
Firm - 3400 Dupe Pos
Filter - No. 58
Roll - No. 6
Exposure - Good
The exposure, target contrast, and resolution
for this film-filter combination are excellent.
Hasselblad "C" FL 3 in.
Film - 3400 Dupe Pos
Filter - No. 25A
Roll - No. 7
Exposure - Very Poor
Detail is poor, and there appears to have been
a possible vignetting type of problem, though
this should not be a characteristic of the lens
in this camera. A camera malfunction is apparent
since only seven frames were included prior to
one that was obviously due to a breakdown of the
camera.
Hasselblad "D" FL 3 in.
Film - SO-246 Dupe Pos
Filter - 89-B
Roll - No. 4
Exposure - Slightly over exposed
The extreme graininess on the film results
in very poor detail on photo enlargements.
Hasselblad "E" FL 3 in.
Film - SO-180 Dupe Pos
Filter - No. 15-0
Roll - No. 3
Exposure - Very Poor, (1 to Vs stops overexposed)
This film is not useable because of overexposure.
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Hasselblad "F" FL 3 in.
Film - SO-368 Dupe Pos
Filter - 2-A
Roll - No. 5
Exposure - Good
RC-8/4L FL 6 in.
Film - 2448 Dupe Pos
Filter - HF-3/2.2AV
Roll - No. 2
Exposure - Good
RC-8/4R FL 6 in.
Film - SO-117
Filter - 500 micrometer/1.4AV
Roll - No. 3
Exposure - Good
Zeiss	 FL 12 in.
Film - SO 117
Filter - Zeiss "B"
Roll - No. 4
Exposure - Slightly overexposed
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TABLE 1
CAMERA, FILM, FILTER AND EXPOSURE DATA
FOR SITE 195, MISSION 101
Camera
	 Film	 Filter	 Roll No. Exposure
Hasselblad A SO-368 12 4 Good
Hasselblad B 3400 58 6 Good
Hasselblad C 3400 25A 7 Very Poor
Hasselblad D SO-246 89-B 4 Slightly
Overexposed
Hasselblad E SO-180 15-G 3 Very Poor
Hasselblad F SO-368 2-A 5 Good
RC-8/L 2448 HF3/2.2AV 2 Good
RC-8/R SO-117 500 Micrometer 3 Good
Zeiss SO-117 Zeiss "B" 4 Slightly
Overexposed
6General Comments on Film-Filter Combinations
1. Of the black-and-white multispectral imagery (70 mm)
the film-filter combinations listed in order of
excellence are as follows:
Film	 Filter
a. 3400	 58
b. SO-246	 89-B
c. 3400
	 25-A
2. Of the 70 mm color films, none are what would be
considered to be good quality for the following
reasons:
a. SO-180 film with 15-G filter (Ektachrome Infrared)
was overexposed.
b. SO-368 with 2-A filter permits too much exposure
to blue attenuation in the atmosphere because
of the short wavelength cutoff at .410
micrometers.
c. SO-368 with a No. 12 filter was an attempt to
provide a longer wavelength cutoff to minimize
the effects of short wavelength attenuation at
high altitudes. The No. 12 filter cutoff is
probably too severe for color.
3. The Ektachrome infrared imagery taken with the RC -8,
the Zeiss and the Hasselblad cameras are generally
superior for soils and crop interpretation under
6these particular conditions. Over exposure of the
film, however, is a problem which diminishes
usefulness of the imagery. The Ektachrome infrared
imagery taken by the RC-8 cameras was slightly
underexposed which is ideal for this film.
4. Vignetting of the imagery from the RC-8 cameras
is so serious that the imagery cannot be used for
quantitative density measurements. Changes in
optical density due to vignetting cause density
contrasts on the imagery that are much greater
than anomalies that would be expected to be
associated with vegetation and soil contrasts.
5. Imagery was taken with cameras over the Brookings
site on the same day as it was taken over the
forested area in the Black Hills of western South
Dakota. Also, a conglomerate area including forest,
rangeland, and agricultural land was included in
the Black Hills coverage flown for the U. S. Forest
Service. The forested area appears very dark on
photo imagery that has the correct exposure for
`'	 agricultural and range lands. Also, Ektachrome
infrared Zeiss imagery that is overexposed for
agricultural and range lands is about the right
exposure for the forests. This is because the
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albedo for forested areas is relatively low --
about 7 to 10% compared to 15 to 30% for the other
areas.
It appears that a camera aperature should be
opened up more when over forests than when
photographing scenes with higher albedo.
Ground Truth and Laboratory__Measurements
The remote sensing program is concerned primarily with
recording, measuring, and identifying the energy in wavelengths
between .3 and 14 microns reflected or emitted from the earth's
surface. A working hypothesis is that each crop and soil
condition reflects or emits energy typical of the specific
condition. The problem is to determine which wavelengths
are the most sensitive: to changes in crop and soil conditions,
to discover sensors sensitive to these wavelengths, and to
develop methods of recording, measuring, and identifying
the specific crop or soil condition represented by a specific
reflected spectrum.
Ground truth information completely describing the soil
and crop conditions was collected at the time of the overflight.
Information recorded in the field was coded and placed
on forms. Specific ground truth and related information
collected is listed as follows:
N
61. Plant type
2. Plant condition
3. Plant maturity
4. Percent ground cover
5. Plant height
6. Soil Condition
7. Haze condition
8. Cloud condition
9. Time, day, year
10. Location
11. Soil hue, value and chroma
Interpretation of photographic and scanner tranvparenciee
is made with densitometers. In the near future, however,
analyses will be made with an automatic color TV density
slicing system (Spatial Data).
USE OF MISSION 101 IMn3ERY TO DATE
Objective 1
Interpretation of color infrared and thermal infrared
photography provided the basis for constructing a map
delineating clay pan conditions. Clay pans are a major
soil limitation and occur to some extent in all agricultural
areas. Clay pans cause substantial reductions in crop yields.
0The economic significance of this research finding is
that the map can be used by those who wish to undertake
remedial measures such as deep plowing, cr it will serve
to guide those who wish to plant crops more adapted to
these conditions, such as shallow rooted grasses.
Much of the study area has been previously covered
with a standard soil survey. As a part of this study, a
graduate student has made extensive field investigations
gathering soil moisture samples, gathered detailed soil
data at specific sites and taken ground pictures. These
field data are being correlated iiith aerial imagery in
an attempt to improve the detailed surveys to provide
a means of speeding up soil surveys.
The potential value of these studies lies in improving
the accuracy of present, surveys and in speeding up soil
survey methods, the latter by permitting the soil surveyor
to use remote sensing imagery to do a substantial amount
of the delineation of soil boundaries in the office before
going to the field.
Objective 2 - Pattern Recognition Studies
Part A - Data Description
The aerial photographic data available within the
Remote Sensing Institute due to (1) direct participation
of the National Aeronautics and Space Administration and
(2) sponsored Remote Sensing Institute collection missions
are summarized in Table 2. This table represents data of
interest in the field of pattern recognition research as
will be described in the sections which follow.
A description of the present data analysis as
applied to a portion of the data listed in Table 2 is
forwarded in Part B and related to present pattern
recognition efforts which are summarized in Part C.
Part D relates the relevancy of the data forms in
Table 2 to the problems of pattern recognition
investigations.
Part B - Data Analyale Pr(.c©ss
Pattern recognition studies at the Remote Sensing
Institute are research oriented toward feasibility
studies in the area of crop identification. An immediate
problem of concern is determinat ion of "Features", i.e.,
measurable attributes, of aerial photography which will
enable positive crop identification; moreover, the
determination of a minimum set of such features necessary
6
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TABLE
NASA-RSI AERIAL PHOTOGRAPHIC DATA OF INTEREST
IN PATTERN RECOGNITION RESEARCH
I	 K-17 Film Thermal Scanner DataDate of Altitude
Data Flown	 Number	 Type	 Approx. Tape Film Film Type
Scale No. No.
8-7-69 141000 99 EK-IR 7"/mi. 37 5089 FM
5211 Cirect
8-7-69 142000 99 EK-IR 7''/mi. 38 5088 FM
5210 Direct
8-7 -69 6,500 99 EK-IR 3"/iri. 38 5088 FM
5210
5395
Direct
Edgeboost
8 -8-69 609000 151* EK-MS 0.3"/mi -- ---- ---
152* EK-IR 0.3"/mi -- ----- °--
153* R 0	 1 11 1 ---
8-12-69 61000 100 EK-IR 3"/mi. 44 5156 FM
5204 Direct
8-12-69 69000 100 EK-IR 3"/mi. 45 5159 FM
5203 Direct
5 2 02
10-21 -69 22000 -- --- --- 62 5547 FM
1
5548
5559
Direct
Edgeboost
10-21 -59 23,000 -- --- --- 63 5549 FM
5552
596
Direct
EdgeboosA
10-21 -69 22000 -- --- ___ 64 5551 FM
5552 Direct
6
10-23-69 8,000 139 EK-MS 4 11 /mi. 68 5554 FM
* Supplied by NASA RB57 overflight.
to achieve identification of a pre-determined set of
classes, i.e., separate crop identities.
As a control. effort for experimentation, a "ground
truth" gathering mission on July 4, 1969 preceeded the
data dates outlined in Table 2 and established pre-
classification of 533 fields in three separate flight
coverage areas. The sixteen classes assigned are
presented in Table 3.
The above ground truth classifications have been
mapped, coded and field numbered to enable coordination
of derived data from more than one source in Table 2.
From consideration of the aerial data available
in Table 2 and the instrumentation to be utilized, a
preliminary set of features has been defined via the
following reasoning. Since color photography exhibits
the most visual contrast between fields and the. Macbeth
Optical Densitometer has four filter* options via simple
dial selection, the preliminary features to be measured
are the four filtered densities on EK-IR photography.
From these basic four features and the associated
auxiliarly features of non-redundant ratios, means, and
lower order moments, it is hoped that digital computer
analysis of applied pattern recognition concepts will
establish guidelines for further investigation of feature
measurements adaptable to positive classifications.
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•TABLE 3
THE CLASSIFICATIONS ESTABLISHED FOR
IDENTIFICATION BY PATTERN RECOGNITION
Code Identification
1 Corn
2 Wheat
3 Oats
4 Alfalfa
5 Fallow
6 Sorghum
7 Pasture-grass
8 Barley
9 Harvested wheat
10 Harvested Oats
11 Harvested Alfalfa
12 Harvested Bar ley
13 Slough
14 Brome
15 Hayland
16 Unknown
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Part C - Application of Data to Pattern Recognition
Pattern recognition techniques are being applied
to classify or-discriminate among sixteen crops. The
pattern recognition work can be divided into five tasks.
They are:
Measurement
Feature extraction
Data analysis
Feature selection
Classification
The measurement task includes the measurement of four
densities; red, green, blue, and neutral. The filter
used are the Wratten filters number 92, 93, 94, and 106
respectively.
Filter	 Transmittance Band
Red	 620-700
Green	 510-585
Blue	 420-495
Neutral
	
420-700
The density readings are spot density readings instead of
microdensitometer readings.
The next task is the feature extraction task. This
task is currently subdivided into two tasks; one for the
60,000 foot altitude photographs and the other for the
6,000 foot altitude photographs.
For the 60,000 foot altitude photographs the features
are the measurements of the density readings. It is
.
6anticipated that nonlinear combinations of the measurement
will be evaluated as features.
For the 6,000 foot altitude photographs the four
filtered density readings are combined in pairs to produce
six non-redundant ratios. Also the means of this new
feature vector which includes the four density readings
and six ratios are calculated and used to form the
feature deviation vectors. From these feature deviation
vectors ten variances are calculated. The new feature
vector has allowed reduction of M observations to one,
and has increased the feature vector dimension to twenty.
The new features are the means and variances of the
measurements and the six ratios.
The data analysis task is to determine the data
structure and to permit the definition of mea^F ,Arements or
features to be used as inputs to the classifier.
The data structure is investigated by several methods.
A mode seeking computer program is. used to determine
the number of modes of a specified radius which exist
within a class (crop) as well as the number of modes
among classes (crops) and the confusion of modes. The
print out includes the mode centers, distances between
modes, and fields which are included in each mode. The
photographs of the fields which are improperly classified 	 a,
6r
can be checked and additional study made to determine
new features.
The covariance and correlation matrices are
calculated as part of the classification task, but they
are also useful in the data analysis task.
The condensed-nearest-neighbor classifier is useful
in the data analysis task because it saves only those
features from fields which are difficult to correctly
classify. It is the data near these boundaries which
are of the most interest and the most difficult to
classify.
The feature selection task is the task which tries
to reduce the number of features required without
significantly increasing the number of errors. The
Fisher criterion (1) is currently being programmed to
aid in the selection of the minimal number of features.
At present there is no general optimal theory for
selecting features. The selection of features is also
aided by the use of the condensed-nearest-neighbor
classifier and the mode-seeking program.
The classification task includes the mode-seeking
program, condensed-nearest -neighbor classifier, and a
generalization of a linear threshold decision algorithm
to multiple classes (2).
ePreliminary Results
According to the preliminary set of data which
consists of the four density readings it is possible
to distinguish on a pair-wise basis the differences
between crops as presented in Table 4. The density
readings are from an Ektachrome infrared film which
was used in a flight at an altitude of 60,000 feet.
TABLE 4
Preliminary Pairwise Discrimination Results
Pasture Harvested Harvested
Fallow Sorghum grass	 wheat	 barley Brome
Corn	 X X X X
Wheat
	 X X X X X
Oat:	 X X X X
Alfalfa
	 X X X X X
Fallow X X X X X
Sorghum X X X
Pasture grass X X X
Harvested wheat X X
Harvested barley X
The entry of an X in the Table .1.ndicates that the
two crops, one on the left and the corresponding one
listed at the top can be distinquished or properly
classified. For example, corn and fallow are different
according to at least two featuren. The features are
the measured densities. The actual results indicate that
corn is different from fallow if we measure the neutral
6and blue densities or red and green or rLI and blue
or green and blue. However, corn and harvested wheat
are only different if the green and blue densities are
measured. It is not possible to distinguish between
corn and harvested wheat if the neutral and blue or
red and green or red and blue densities are measured.
Part D - Data Requirements For Pattern Recognition
Pattern recognition research is a field of study
evolving from the concept that identification or
classification of objects is possible when the pattern
formed by selected features is defined. The Remote
Sensing Institute, for example, is concerned with how
to select aerial film features such that the pattern of
these features facilitates crop identification.
While the concept is relatively simple, pattern
recognition methods in the current state of the art are
not. Some of the problems which may arise in a study
such as mentioned above are as follows:
(1) High altitude or low altitude
(2) Selection of minimal feature set
(3) Time variability of feature patterns
These problems are interactive and require special
selection of data to achieve preliminary studies. To
study problem (1) data are desired at different altitudes	 M
64
4.
r
M
over the same area on the same date to eliminate problem
(3). Since problem (2) is due to lack of theoretical
gu'ldelines, there is no reason to limit the number of
data forms of simultaneous space and time coverage, i.e.,
a maximum feature set is desirable to facilitate a
minimal, effective feature set selection. Likewise
crop cycles of growth, stress, harvest, and regrowth
imply time variability of associated feature patterns
and problem (3) studies would require repetitious spacial
coverage throughout the crop season.
Clearly from the previous generalized discussion
all the data forms, dates; altitudes contained in Table 2
are valuable to pattern recognition research. Indeed
they are too limited (even total) to permit analysis
beyond preliminary investigation of (1), (2), and/or
(3)•
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RECOMIME14DATIONS
1. Information on cloud cover should be provided.
The occurrence of high thin cirrus clouds is
almost never considered to be sufficient reason
for cancelling alight. Variability in incoming
radiation can be quite substantial under these
conditions, however. Such variation can influence
interpretation to a great extent. Unless it is
known that cirrus clouds were over a site,
Incorrect data can result without the interpreter
being aware of it.
2. Telephone notification of plans to fly a particular
mission are vital as far in advance as possible.
No notification was received prior to Mission 101,
however, cooperation in this regard was excellent
prior to Mission 129 flown May 26, 1970.
3. The policy of overflying areas beyond designated
flight lines with the RB57 has yielded much valuable
imagery that will be useful in the program. It
is recommended that wherever possible this be
continued.
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